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ELECTRICAL MACHINE MAGNETIC
CIRCUIT STRUCTURE IN WHICH POLE-
TO-ROTOR AIR CLEARANCES VARY
ASYMMETRICALLY TO PROVIDE A MORE
UNIFORM FLUX DISTRIBUTION

BACKGROUND OF THE INVENTION

Conventional generators or motors are mostly constructed
of the inter-pole ring-shaped magnetic circuits within single-
sided or double-sided casings. The accumulated heat of the
rotor and the magnetic field are usually cooled by an axial
fan. As a result, when the electrical machine rotor 1s
arranged to have a smaller diameter and a longer axial
accumulated thickness, for example an air clearance
between the rotor and the magnetic pole of around 0.2—1 mm
(according to the parameter of power intensity, rotor diam-
eter and rated rotating speed, etc.), the ventilation is poor.

SUMMARY OF THE INVENTION

The present invention provides an intercross-coupled
magnetic circuilt structure with uniform magnetic resistance
obtained by adjusting the air clearance between magnetic
poles and a corresponding driven rotor, and 1n particular by
increasing the clearance between a particular magnetic pole
and 1ts corresponding driven rotor when the magnetic circuit
connecting a pair of magnetic poles 1s shorter or the mag-
netic resistance of the magnetic circuit 1s smaller, and by
decreasing the clearance when the magnetic circuit between
the magnetic poles of the same pair 1s longer or the magnetic
resistance 1s larger, so that the clearance at different sym-
metrical positions on the two sides of the magnetic axis of
the particular magnetic pole varies, causing the magnetic
force lines on the pole surface of the magnetic pole to be
uniformly distributed, 1.e., to appear symmetrical, 1n order to
better meet electrical machine requirements by permitting a
more narrow Inter-pole magnetic circuit and providing a
new method to effectively dissipate the accumulated heat
inside the electrical machine. The magnetic circuit structure
of the 1nvention can use an intercrossed lamination
construction, while maintaining the magnetic force line
distribution status of the convention electrical machine
magnetic circuit and the aforesaid more narrow inter-pole
structure for more efficient heat dissipation. According to a
further preferred embodiment of the invention, a field mag-
netic circuit structure with radial ventilation holes 1s
provided, including a multiple section type 1ron core that has
the advantage of reducing the size of the casting die and
machining costs without hindering electrical machine char-
acteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of the uniform magnetic flux distri-
bution for a magnetic circuit constituted by magnetic pole
pairs and symmetrical air clearances.

FIG. 2 1s a diagram showing the more uniformly sym-
metrical magnetic flux distribution produced by the inven-
fion.

FIG. 3 1s a plan view of a magnetic field circuit structure
constructed according to the principles of a first preferred
embodiment of the invention.

FIG. 4 1s the side view of the structure shown in FIG. 3.
FIG. 5 1s an 1sometric view of the structure shown 1n FIG.

3.

FIG. 6 1s an 1sometric view of a variation of the electrical
machine structure of FIGS. 3-5, applied to a linear driving
machine.
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FIG. 7 1s a plan view of a second preferred embodiment
of the mvention.

FIG. 8 1s a plan view of a variation of the electrical
machine structure of FIG. 7, illustrating 1its application to a
linear driving machine.

FIG. 9 1s an 1sometric view of a four pole electrical
machine structure constituted by two pairs of field magnetic
circuit structures according to a third preferred embodiment
of the mvention.

FIG. 10 1s an 1sometric view of a variation of the electrical
machine structure of FIG. 9 1illustrating its application to
linear driving structures.

FIG. 11 1s a plan view of a fourth preferred embodiment
of the nvention.

FIG. 12 1s an 1sometric view of a variation of the electrical
machine structure shown 1n FIG. 11, illustrating its appli-
cation to linear driving structures.

FIG. 13 1s a side view of a fifth preferred embodiment of
the 1nvention.

FIG. 14 1s a front view of the structure shown 1n FIG. 13.

FIG. 15 1s a variation of the electrical machine structure,
illustrating 1ts application to linear driving structures.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following preferred embodiments of the 1nvention,
an 1ntercross-coupled magnetic circuit structure having a
uniform magnetic resistance and varying air clearance 1s
constructed to be more narrow than the accumulated axial
thickness of a corresponding interactive electrical machine
structure, such as a rotor, for easy direct heat dissipation. In
the case of a rotor, the magnetic pole axial thickness is
maintained the same as that of the rotor, while the total cross
section area of the inter-pole magnetic circuit 1s increased/
decreased according to the axial size, by increasing the
clearance between a particular magnetic pole and its corre-
sponding driven rotor when the magnetic circuit connecting
the particular magnetic pole with another pole of the same
pair 1s shorter or the magnetic resistance 1s smaller, and by
decreasing the clearance when the magnetic circuit 1s longer
or the magnetic resistance 1s larger between the two mag-
netic poles of the same pair, thereby causing the clearance
between the magnetic pole and the correspondingly driven
rotor, and the magnetic resistance of each corresponding
position of the common structured magnetic circuit of the
same pailr, to appear 1n reverse proportion; 1.€., the shorter
the magnetic circuit of the corresponding magnetic pole
surface and the position of the lower magnetic resistance, the
larger the clearance to 1ts correspondingly driven rotor, and
vice versa. As a result, the clearance at symmetrical posi-
tions along the two sides of the pole axis varies asymmetri-
cally in order to maintain the uniformed distribution of
magnetic force lines on the magnetic pole surface and to let
the magnetic force lines appear symmetrical at the two sides
of the magnetic pole 1n order to meet electrical machine
requirements. The inter-pole magnetic circuit of the 1mnven-
tion 1s installed between the magnetic poles, with one or
more than one intercrossed circuit structure extending at
both sides to couple with the neighboring poles, or with one
or more than one magnetic circuit structure arranged linearly
or slanted on one side to couple with the neighboring
magnetic poles, so that the spaces left between the inter-pole
magnetic circuits form the intercrossed cooling holes, and
the magnetic circuit structures connecting magnetic poles
with different polarities, as well as the interactive electrical
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structure, periodically face the cooling holes during relative
movement, wherein the inter-pole magnetic circuit structure
1s either constituted by an integral construction or by lami-
nated blocks or sheets.

The aforesaid magnetic circuit structure with magnetic
poles of different polarities at two ends forms the basic unit
of the preferred construction. The problem solved by the
present invention 1s that, because the magnetic circuit
lengths of the exterior of the two magnetic poles a—a' and the
interior of the two magnetic poles b—b' are different, the
magnetic flux densities of the convention structure, 1.€., a
structure with symmetrical clearances along the two sides of
the pole axis (gl=g2), have different values, so that the
magnetic poles formed by the magnetic forces lines are
unable to maintain a 180° angle, resulting increased loss and
lowering efficiency. In contrast, 1n the present invention, the
clearance between the exterior side and the interior side of
the aforesaid magnetic poles, as well as their coupled
interactive rotational electrical machine structure (which
may be referred to as the rotor), are arranged to provide a
larger clearance g3 between the 1nterior side surface and its
coupled interactive rotational electrical machine structure
while providing a smaller clearance g4 between the exterior
side surface and 1ts coupled interactive rotational electrical
machine structure, 1.e., g3>g4, to thereby adjust the mag-
netic force lines distribution densities (as shown in FIG. 2)
in order to maintain the two magnetic poles formed by the
magnetic force lines at a 180° electromechanical angle.

Based on the above-described principles, the invention
provides an intercross-coupled magnetic circuit structure
having a uniform magnetic resistance achieved by adjusting
the air clearance.

The circuit structure of the invention provides the follow-
ing functions and economical effectiveness.

Firstly, the magnetic circuit structure 1s 1ntercross con-
structed by independent 1ron core sheets having a relatively
small area, mstead of by the conventional method of stack-
ing in such a way that the clearance between the magnetic
pole surfaces and the rotor 1s increased to compensate for a
shortened length or reduced magnetic resistance of the
corresponding magnetic circuit between magnetic poles of
the same pair, to thereby allow the electrical machine to have
the advantage of maintaining the conventional magnetic
circuit structure and providing uniform and symmetrical
magnetic fluxes at the two sides while reducing the size of
the molding die used to manufacture the magnetic circuit
structure from the conventional integrated type, so that the
cost of the molding die can be lowered without the need to
use ultra-large punching equipment.

Secondly, the rotor which constituted the interactive elec-
trical machine structure faces the radial ventilation holes
directly, and 1s helpful in dissipating the heat from the
clectrical machine.

The mnnovative design of the present invention 1s for
application 1n generators, motors, or other rotational or
linear translation type electrical machine devices having
magnetic poles that use either electric power excitation or
permanent magnets to interact with a coupled interactive
clectrical machine structure. The invention provides a high
heat dissipating electrical machine structure through inter-
cross coupling with inter-pole magnetic circuits that couple
with the magnetic force lines between the magnetic poles.

The magnetic poles are comprised of at least two or more
than two poles which are constituted by permanent magnets
or excitation winding core structures, wherein the front side
of the magnetic poles are for coupling with the interactive
clectrical machine structure to generate rotation or linear
driving forces.
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The magnetic circuits coupled between the magnetic
poles, made of a good magnetic conducting material, can
extend on one side or both sides, are oriented 1n different
directions, and each of the magnetic poles can by symmetri-
cally or asymmetrically intercrossed so that the coupling
position of the inter-pole magnetic circuits with the same
orientation and each of the magnetic poles 1s perpendicularly
extended 1n 1ntercrossed symmetry, or obliquely extended at
an asymmetrical position.

The interactive electrical machine structure correspond-
ing to the magnetic pole may be comprised of an alternator
type armature, or inductive type, winding type, permanent
magnet type, good magnetic conductor type, or magnetic
hysteresis type structural components, for providing inter-
action with the aforesaid field magnetic structure, either the
field structure or the machine structure being a fixed body
and the other a moving body, or both of them being moving,
bodies, arranged to provide rotational or linear driving
motion.

The above elements are arranged such that the clearance
between the magnetic pole and its correspondingly driven
rotor 1s increased when the magnetic circuit 1s shorter or the
magnetic resistance 1s smaller between the two magnetic
poles of the same pair, or 1s decreased when the magnetic
circuit 1s longer or the magnetic resistance 1s larger between
the two magnetic poles of the same pair. The clearance
varies asymmetrically for each particular pole, so that the
magnetic forces lines on the pole surface of the magnetic
pole can be maintained uniformly distributed, with the result
that the magnetic force liens distribution at the two sides of
the magnetic pole appears to be symmetrical in order to
better meet the electrical machine requirements.

FIGS. 35 show a first preferred embodiment of an
intercross-coupled magnetic circuit structure in which uni-
form magnetic resistance 1s obtained by adjusting air clear-
ance and the field magnetic circuit structure 1s constituted by
intercrossed magnetic conductor laminations. FIG. 3 1s a
front view of the preferred embodiment, FIG. 4 1s a side
view of the preferred embodiment, and FIG. 5 1s a three-
dimensional 1sometric view of the preferred embodiment.

The circuit structure 1s mainly comprised of the following
clements:

A field magnetic circuit structure 300 made up of sheets
of good magnetic conducting material such as silicon
steel sheets, each having a non-closed configuration,
the two ends of the sheets defining the positions of
magnetic poles on which are series installed excited
windings 311, 312, 313, 314, or which form combined
permanent magnet type magnetic poles. The silicon
steel sheets are intercross-laminated to constitute a
ring-shaped field magnetic circuit structure with radial
ventilating holes 302, or a linear electrical machine
field magnetic circuit structure extended in chain-
shaped intercrossed laminations; and

An 1nteractive electrical machine structure 301 corre-
sponding to the magnetic pole constituted by an alter-
nator type armature, or an mnduced type, winding type,
permanent magnet type, good magnetic conductor type,
or magnetic hysteresis type structural component
which interacts with the aforesaid field magnetic struc-
ture. Either the field or interactive structure 1s a fixed
body, and the other 1s a moving body, or both of them
are moving bodies, whether 1n the rotational or linear
driving variations.

The field magnetic circuit structure and interactive elec-

trical machine structure of this embodiment are arranged
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such that the clearance between the magnetic pole and its
corresponding driven rotor 1s increased when the magnetic
shorter, or the magnetic circuit 1s resistance 1s smaller,
between two magnetic poles of the same pair, or 1s decreased
when the magnetic circuit 1s longer or the magnetic resis-
tance 1s larger between the two magnetic poles of the same
pair.

The clearance thus varies asymmetrically between sym-
metrical positions at the two sides of the magnetic axis, so
that the magnetic force lines on the pole surface of the
magnetic pole can be maintained uniformly distributed, and
the magnetic force line distribution at the two sides of the
magnetic pole appear symmetrical in order to better meet
clectrical machine requirements.

FIG. 6 1s a variation of the electrical machine structure of
FIGS. 3-5, illustrating 1ts application 1 a linear driving
environment, which can be treated as similar to the exten-
sion of a large diameter and multiple pole rotational elec-
tfrical machine structure using the elements of the embodi-
ments of FIGS. 3-5 mcluding magnetic circuit structures
400 and ventilation openings 401.

In practical applications, the following electrical machine
embodiments can be selected.

In the embodiments shown 1n FIG. 7, a wrapped excita-
tion winding 1nstalled on a magnetic structure constituted by
intercrossed laminated magnetic conductor sheets has the
following elements:

A field magnetic circuit structure 700 made up of sheets
of good magnetic conducting material such as silicon
steel sheets, and formed 1n a non-closed configuration
such that two ends of the sheets define the positions of
magnetic poles, wherein each polar surface of the main
magnetic circult structure and an auxiliary magnetic
circuit structure facing the 1interactive electrical
machine structure has a at least one line slot for
wrapping the excitation winding, and the silicon steel
sheets are intercross-laminated to constitute a ring-
shaped field magnetic circuit structure with radial ven-
tilating holes, or a linear electrical machine field mag-
netic circuit structure extended in chain-shaped
intercrossed laminations; and

An 1nteractive electrical machine structure 701 facing the
magnetic poles and constituted by an alternator type
armature, or an 1nducted type, winding type, permanent
magnet type, good magnetic conductor type, or mag-
netic hysteresis type structural components which inter-
acts with the aforesaid field magnetic structure, one of
the field magnetic structure and electrical machine
structure being a fixed body and the other a moving
body, or both of the being moving bodies, the operating
structure being arranged for rotational or linear driving
and, as 1n the first preferred embodiment, has the
following characteristics:

The clearance between the magnetic pole and 1ts corre-
sponding driven rotor 1s increased when the magnetic
circuit 1s shorter, or the magnetic resistance 1s smaller,
between the two magnetic poles of the same pair, so
that the clearance varies asymmetrically at symmetrical
positions at the two sides of the magnetic axis 1n order
to cause the magnetic force lines on the pole surface of
the magnetic pole to be uniformly distributed and the
magnetic force line distribution at the two sides of the
magnetic pole to appear symmetrical, thereby better
meeting the electrical machine requirements.

In the variation shown in FIG. 8, the aforementioned
structure 1s treated as similar to the extension of a large
diameter and multiple pole rotational electrical machine
structure, thereby providing a linearly driving arrangement
structure.
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The aforesaid intercross-coupled magnetic circuit struc-
ture with uniform magnetic resistance obtained by adjusting
clearance can be varied by increasing the number of mag-
netic poles to more than two pairs having magnetic circuits
constituted by independently installed inter-pole magnetic
circuits for each pair of magnetic poles. For example, as
shown 1n FIG. 9, a four pole electrical machine structure 1s
constituted by two pairs of field magnetic circuit structures
900, cach of which 1s comprised of an independent inter-
pole magnetic circuit and magnetic poles that are commonly
coupled with the interactive electrical machine structure
901, the mndependent interpole magnetic circuits and poles
together forming magnetic circuit structures 901 arranged to
leave a ventilating opening 902 therebetween, the machine
structure being comprised of the following elements:

A field magnetic circuit structure 900 constituted by two
pairs ol magnetic poles, each pair being connected by
independent 1nter-pole magnetic circuit to provide four
poles, the field magnetic circuit structure being inte-
orally formed from sheets of good magnetic conducting,
material such as silicon steel sheets, or other material
sheets or blocks. Each pair of magnetic poles 1s treated
as an i1ndividual unit of the field magnetic circuit
structure, 1s independently coupled with the interactive
electrical machine structure 1n the radial direction, and
1s 1ntercross distributed in N—S—N—S sequence. The
field magnetic poles can be constituted by permanent
magnets or single magnetic poles installed with exci-
tation windings or multiple tooth-shaped magnetic
poles with conductor slots for wrapping the excitation
windings.

An interactive electrical machine structure 901 opera-

tively associated with the magnetic poles and consti-

tuted by an alternator type armature, or an inducted

type, winding type, permanent magnet type, good mag-
netic conductor type, or magnetic hysteresis type struc-
tural component, wherein the windings are distributed
corresponding to the number of poles of the magnetic
field, 1.e., each magnetic pole can generate a motor or
generator effect with the interactive electrical machine
structure, one of the field magnetic structure or elec-
trical machine structure being a fixed body, and the
other being a moving body, or both of them being
moving bodies, arranged for either rotational or linear
driving.

As 1n the above-described embodiments, the arrangement
of this embodiment 1s mainly characterized in that the
clearance between a magnetic pole and its corresponding
driven rotor 1s increased when the magnetic circuit 1s shorter
(or the magnetic resistance is smaller) between the two
magnetic poles of the same pair, or 1s decreased when the
magnetic circuit is longer (or the magnetic resistance is
larger) between the two magnetic poles of the same pair, to
cause the clearance to vary asymmetrically between sym-
metrical positions at the two sides of the magnetic axis in
order, thereby causing the magnetic force lines on the pole
surface of the magnetic pole to be uniformly distributed and
the magnetic force line distribution at the two sides of the
magnetic pole to appear symmetrical, 1n order to better
meeting the electrical machine requirements.

The aforesaid embodiment 1s for four magnetic poles
constituted by two pairs of magnetic poles, whereas for
applications of more than two pairs of magnetic poles of the
field magnetic circuit structure, the same concept can be
expanded in both rotational and linear driving variations.
FIG. 10 1s a variation of the electrical machine structure of
FIG. 9, illustrating 1ts application 1 a linear driving
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environment, which can be treated as similar to the exten-
sion of a large diameter and multiple pole rotational elec-
trical machine structure.

In a manner similar to that described above, for practical
application of the intercross-coupled magnetic circuit struc-
ture with uniform magnetic resistance obtained by adjusting
air clearance, the field magnetic poles may be constituted by
permanent magnets, 1.€., the permanent magnet type mag-
netic pole 1s coupled with the DC armature or coupled with
an 1nteractive electrical machine structure installed with at
least two phases of winding to generate rotational magnetic
field, or the field magnetic pole may include an electric
power excited winding constituted by either a DC excited
magnetic pole or AC excited winding, to produce an elec-
tromagnetic interacting effect that enables motor or genera-
tor functions to be obtained in cooperation with 1ts coupled
interactive electrical machine structure. Alternatively, the
practical implementation may be constituted by a combined
installation of field winding excitation type magnetic poles
and permanent magnet type magnetic pole.

The combined installation of the interactive electrical
machine structure shown in FIG. 11 1s comprised of a
combined 1nstallation of four or more than four magnetic
poles. At least one pair of the magnetic poles 1s constituted
by permanent magnet 1101, and the other poles are consti-
tuted by energizing the power excitation type magnetic pole
1102 through the excited windings 1111, 1112, or at least one
pair of the magnetic poles 1s constituted by field winding
excitation type magnetic poles 1102, while the other mag-
netic poles are constituted by permanent magnet type poles
1101.

Again, the electrical machine operating structures may
include rotational or linear driving arrangements, and 1is
characterized in that the clearance between the magnetic
pole and its corresponding driven rotor 1s increased when the
magnetic circuit 1s shorter (or the magnetic resistance is
smaller) between the two magnetic poles of the same pair, or
is decreased when the magnetic circuit is longer (or the
magnetic resistance i1s larger) between the two magnetic
poles of the same pair, so that the clearance varies asym-
metrically at symmetrical positions at the two sides of the
magnetic axis, and the magnetic force lines on the pole
surface of the magnetic pole to be uniformly distributed to
thereby better meet the electrical machine requirements.

FIG. 12 shows an example of a variation of the electrical
machine structure of FIG. 11 for use 1 linear driving
applications.

In yet another preferred embodiment of the invention,
when the permanent magnet type magnetic poles are com-
bined 1n an electrical machine structure used for motor or
generator operations, because the permanent magnet type
magnetic pole has a fixed polarity, the excited winding of the
winding excitation type magnetic pole can be series com-
bined with the armature and the serial combined polarity
relation can be controlled to cause the electrical machine to
exhibit either auxiliary excitation or differential excitation
characteristics after the magnetic pole excited by the excited
winding 1s combined with the whole electrical machine
magnetic poles.

Again, the clearance between a respective magnetic pole
and the corresponding driven rotor is increased when the
magnetic circuit 1s shorter (or the magnetic resistance is
smaller) between two magnetic poles of the same pair, or is
decreased when the magnetic circuit is longer (or the mag-
netic resistance is larger) between the two poles of the same
pair, so that the clearance varies asymmetrically between
symmetrical positions at the two sides of the magnetic axis
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and the magnefic force lines on the pole surface of the
magnetic pole are thereby uniformly distributed to cause the
magnetic force line distribution at the two sides of the
magnetic pole to appear symmetrical, and thereby better
meet the electrical machine requirements.

The aforesaid intercross-coupled magnetic circuit struc-
ture with uniform magnetic resistance obtained by adjusting
air clearance can also be constituted by magnetic conducting
material arranged in multiple sections of independent mag-
netic circuit structures along the axial direction, 1.e., the
magnetic conducting material 1s divided 1nto multiple sec-
tion structures along the axial direction to provide
geometrically-staged variations and 1s intercross-assembled
to couple with the interactive electrical machine structures.

The at least one single-sided or double-sided inter-pole
magnetic circuit of the aforesaid intercross-coupled mag-
netic circult structure can also be obliquely extended to
allow the surface of the interactive electrical machine struc-
ture to be intersected by inclined slots and face the heat-
dissipating hole sequentially for easy heat dissipation, as
shown 1n FIG. 13.

FIG. 14 1s a front view of the double-sided obliquely-
extended circuit of FIG. 13.

The operating structure of the preferred embodiment of
FIG. 13 includes rotational or linear driving embodying
types, with FIG. 15 showing a variation of the electrical
machine structure of FIG. 13 illustrating i1ts application to
linear driving arrangements, which can be treated as similar
to a rotational embodiment having a large diameter and
multiple poles.

As will the other applicable electrical machine types of
the 1mtercross-coupled magnetic circuit structure with uni-
form magnetic resistance obtained by adjusting air
clearance, the clearance between the aforesaid magnetic
pole and its corresponding driven rotor 1s increased when the
magnetic circuit 1s shorter (or the magnetic resistance is
smaller) between the two magnetic poles of the same pair, or
is decreased when the magnetic circuit is longer (or the
magnetic resistance 1s larger) between the two magnetic
poles of the same pair, so that the clearance varies asym-
metrically between symmetrical positions at the two sides of
the magnetic axis to cause the magnetic force lines on the
pole surface of the magnetic pole to be uniformly distributed
and appear symmetrical 1in order to better meet the electrical
machine requirements. However, this embodiment permits
various, flexible matching structures to be selected as
needed, including all or part of the following;:

An 1ntercross-coupled magnetic circuit structure with
uniform magnetic resistance as described above, but 1n
which the sizes of the individual circuits of the multiple
type inter-pole magnetic circuits can be the same or
different, 1.¢., if the 1nter-pole magnetic circuit coupled
between the magnetic poles uses a multiple circuit
structure, then each of the circuits can be of the same
size or a different size;

The aforesaid intercross-coupled magnetic circuit struc-
ture with uniform magnetic resistance can be a struc-
ture with two or more than two poles, 1.e. under the
same principle, a different number of magnetic poles
can be selected;

The aforesaid intercross-coupled magnetic circuit struc-
ture with uniform magnetic resistance includes appli-
cations to AC or DC, brushed or brushless, synchro-
nous or asynchronous rotational electrical machine
structures,

The aforesaid intercross-coupled magnetic circuit struc-
ture with uniform magnetic resistance can have a




US 6,169,350 B1

9

coupled interactive electrical machine that includes
rotors with AC or DC, brushed or brushless, synchro-
nous or asynchronous rotational electrical machine
structures, or with reverse interaction, 1.e., the outside
magnetic field can be a rotational body while the 1nside
rotor 1S fixed, or both the outside and 1nside fields can
be 1nteractively rotated;

The aforesaid intercross-coupled magnetic circuit struc-
ture with uniform magnetic resistance can include the
coupling of an attractable magnetic conductor to con-
stitute an AC or DC electrical magnet;

The aforesaid intercross-coupled magnetic circuit struc-
ture with uniform magnetic resistance may be consti-
tuted by a non-closed type magnetically-conductive
sheet material having two ends, and having magnetic

poles integrally formed with the laminated inter-pole
magnetic circuits, or separately installed magnetic
poles which are then combined with the inter-pole
magnetic circuits; and

For the various aforesaid embodiments of intercross-
coupled magnetic circuit structure with uniform mag-
netic resistance and varying air clearance, with the
exception of the field magnetic circuit structure shown
in FIG. 11, the coupled interactive electrical machine
may include an attractable magnetic conductive inter-
acting body, an alternator type armature, an inductive
type interacting body, a permanent magnet type inter-
acting body, or an eddy current or magnetic hysteresis
type 1nteracting electrical machine structure. The alter-
nator type armature coupled by the field magnetic
circuit structure of the embodiment of FIG. 11 1s mainly
composed of a wave winding, arranged 1n view of the
particular average magnetic field intensity of the per-
manent magnet type poles and winding excitation type
magnetic poles, although 1t can also be matched to
couple with the various other interactive electrical
machine structures described above.

Having thus described a preferred embodiment of the
invention with sufficient particularity to enable those skilled
in the art to easily make and use the mvention, and having
described several possible variations and modifications of
the preferred embodiment, 1t should nevertheless be appre-
cilated that still further variations and modifications of the
invention are possible, and that all such variations and
modifications should be considered to be within the scope of
the invention. Accordingly, the scope of the mmvention should
not be limited by the above description, but rather should be
interpreted solely in accordance with the appended claims.

What 1s claimed 1s:

1. An arrangement of magnetic circuit structures, com-
prising:

a plurality of magnetic circuit units, each unit comprising
at least two magnetic poles connected by a magnetic
circuit structure with an end pole at each end of the
magnetic circuit structure,

wherein said magnetic poles are arranged to face an
interactive electrical machine structure such that mag-
netic flux lines from said magnetic poles pass through
said 1nteractive electrical machine structure and cause
relative motion between the magnetic circuit units and
the 1nteractive electrical machine structure,

wherein said magnetic circuit units are stacked such that
an accumulated thickness of the magnetic circuit units
1s approximately equal to a length 1n an axial direction
of said interactive electrical machine structure, and

wherein said stacked magnetic circuit units are inter-
crossed such each of said magnetic circuit structures 1n
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a first group of magnetic circuit units whose end poles
are aligned 1n said axial direction 1s axially separated
by a magnetic circuit structure having less than all of its
end poles aligned with the end poles of the first group,
thereby forming ventilation openings between said
stacked magnetic circuit units.

2. An arrangement as claimed in claim 1, wherein a
clearance between each of said magnetic poles and said
interactive electrical machine structure varies asymmetri-
cally so that said magnetic flux lines are uniformly distrib-
uted and appear to be symmetrical across a width of each of
said poles.

3. An arrangement as claimed in claim 1, wherein said
magnetic poles include electrical field windings.

4. An arrangement as claimed in claim 1, wherein said
magnetic poles are permanent magnet poles.

5. An arrangement as claimed 1n claim 1, wherein said
magnetic poles include field winding excitation poles and
permanent magnetic poles.

6. An arrangement as claimed 1n claim 1, wherein said
magnetic circuit structures comprise laminated sheets of
magnetically conductive material.

7. An arrangement as claimed in claim 1, wherein said
magnetic circuit units are combined to form a ring-shaped
structure.

8. An arrangement as claimed in claim 1, wherein said
magnetic circuit units are combined to form a linear struc-
ture.

9. An arrangement as claimed i claim 1, wherein a
number of said at least two poles of each of said magnetic
circuit units 1s greater than two, and said poles of each of
sald magnetic circuit units are arranged iIn N—S—N—S . . .
sequence.

10. An arrangement of magnetic circuit structures, com-
Prising;:

a plurality of magnetic circuit units, each unit comprising
at least two magnetic poles connected by a magnetic
circuit structure with an end pole at each end of the
magnetic circuit structure,

wheremn said magnetic poles are arranged to face an
interactive electrical machine structure such that mag-

netic flux lines from said magnetic poles pass through
sald 1nteractive electrical machine structure and cause

relative motion between the magnetic circuit units and
the interactive electrical machine structure,

wherein said magnetic circuit units are stacked such that
an accumulated thickness of the magnetic circuit units
1s approximately equal to a length in an axial direction
of said interactive electrical machine structure,

wherein at least two of said stacked magnetic circuit units
are overlapped with less than all of their end poles
axially aligned such that said ventilation openings are
formed between said magnetic circuit units, and

wherein a clearance between each of said magnetic poles
and said interactive electrical machine structure varies
asymmetrically so that said magnetic flux lines are
uniformly distributed and appear to be symmetrical
across a width of each of said poles.
11. An arrangement as claimed 1n claim 10, wherein said
magnetic poles mclude electrical field windings.
12. An arrangement as claimed 1n claim 10, wherein said
magnetic poles are permanent magnet poles.
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13. An arrangement as claimed 1n claim 10, wherein said
magnetic poles including field winding excitation poles are
permanent magnet poles.

14. An arrangement as claimed 1n claim 10, wherein said
magnetic circuit structures comprise laminated sheets of °
magnetically conductive material.

15. An arrangement as claimed 1n claim 10, wherein said
magnetic circuit units are combined to form a ring-shaped
structure.
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16. An arrangement as claimed 1n claim 10, wherein said
magnetic circuit units are combined to form a linear struc-
ture.

17. An arrangement as claimed in claim 10, wherein a
number of said at least two poles of each of said magnetic
circuit units 1s greater than two, and said poles of each of

sald magnetic circuit units are arranged 1n N—S—N—S . .
. sequence.
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